in addition to these cytokines, endocrine hormones act as critical modulators of homeostasis and are associated with the interactions between cytokines related to disease. adrenocorticotropic hormone (actH) and corticosterone are stress hormones that are secreted by the adrenal glands and the anterior pituitary gland, respectively, in response to stress (Heiblum et al. 2000 , Dikić et al. 2011 . testosterone and estradiol are sex hormones that are secreted in both testes and ovaries (Mooradian et al. 1987) . testosterone is regulated by the interaction of luteinizing hormone (lH) and follicle-stimulating hormone (FsH) produced from the pituitary gland, and estradiol is produced in the adrenal cortex as an active metabolic product of testosterone (Pentikäinen et al. 2000) . FsH and lH are reproductive hormones that are produced by the anterior pituitary gland in females and males, and lH affects the production of testosterone (Knol 1991 (Knol , chandrashekar et al. 1994 (Knol , caraty et al. 1997 .
Among proteins related to inflammation, cox-2 is not expressed in normal cells or under normal conditions, but is rapidly expressed during inflammatory periods and in neoplastic tissues.
Despite various recent studies on parasitic infections (alves et al. 2006 (alves et al. , Herbert et al. 2008 (alves et al. , sripa et al. 2009 (alves et al. , choi et al. 2012 (alves et al. , lvova et al. 2012 ), the correlation between chronic inflammation, stress and endocrine hormones associated with C. sinensis infection has not yet been reported. For this reason, the present study was conducted to evaluate the changes in cytokine and stress/endocrine hormone levels induced by C. sinensis infection and to identify the relationship between the expression of inflammatory cytokines and cox-2/stress proteins in the livers of C. sinensis-infected hamsters.
MATERIALS AND METHODS

Materials
Bovine serum albumin (Bsa) and sodium dodecyl sulfate (sDs) were purchased from sigma chemical co., ltd. (st. louis, Mo). Ecl western blotting detection kit was purchased from Millipore Korea co., ltd. all other chemicals and reagents were purchased from Merck chemical co., ltd (Darmstadt, germany) and sigma chemical co., ltd. (st. louis, Mo).
Preparation of parasites
We captured freshwater fish Pseudorasbora parva temminck et schlegel (cyprinidae), which serves as second intermediate host of C. sinensis in Korea, in the Nakdong river Basin known as an endemic area of clonorchiasis in south Korea. the whole muscles of the fish were removed and digested in artificial gastric solution for 2 h at 37 °C. The digested material was filtered with a sieve (0.147 mm diameter) and washed for several times with saline. the metacercariae of C. sinensis were identified under a stereoscopic microscope and viable cysts were used to infect hamsters.
Animals
syrian golden hamsters (male, 50-60 g, 4 weeks old, n = 120) were purchased from DaeHan Bio-link co., ltd. Korea and kept in a central animal care facility under a 12 h-light/dark cy- Fig. 1 . Experimental design of the study in hamsters (n = 60) infected with metacercariae of Clonorchis sinensis. Blood samples were collected (n = 6/each group) every four weeks for 16 weeks (total n = 60, control group n = 30 and infected group n = 30) after C. sinensis infection. livers were extracted from control (n = 20) and infected groups (n = 40) at 16 weeks.
cle at a controlled temperature (22 ± 0.5 °c) for 16 weeks. Food and water were provided ad libitum. the facility was maintained strictly in accordance with the National institutes of Health guide for the care and Use of laboratory animals. the animals were divided into the normal and experimental groups, and each hamster in experimental groups (infected groups) was orally infected with 50 C. sinensis metacercariae. the body weight of all hamsters was recorded before the collection of blood samples at each time point every four weeks for 16 weeks.
Histopathological study
livers were extracted from each group at 16 weeks after C. sinensis infection (Fig. 1) , fixed in 10% buffered formalin and paraffin sections were prepared using standard histological methods. All sections were cut at approximately 4.5 μm and stained with haematoxylin and eosin (H&E) for microscopic observation.
Western blot analysis
livers were extracted from control (called herein as "normal") and infected group at 16 weeks after C. sinensis infection. the liver tissues were washed twice with cold PBs and lysed using riPa lysis buffer (Elpis Biotech) and homogenization. Tissue lysate was sonicated five times at 30 s intervals, and it was stored at -70 °c. Protein concentrations were measured at 595 nm using the Bio-rad protein assay kit (genDEPot co., ltd., Barker, tX) and 1% Bsa as standard. Equal amounts of protein were loaded onto 12% sDs-PagE and transferred to a nitrocellulose membrane. Membranes were blocked with 5% skim-milk in PBs containing 0.05% tween-20 for 1 h at room temperature, and they were also washed with PBs containing 0.05% Tween-20 for 5 min (five times). The membranes were incubated with the corresponding primary antibodies to cox-2 (1 : 1 000), Hsp 90 (1 : 1 000), Hsp 27 (1 : 1 000) and β-actin (1 : 10 000) respectively, overnight at 4 °c. after washing by PBS containing 0.05% Tween-20 for 5 min (five times), they were incubated with goat anti-rabbit or rabbit anti-mouse igg HrP conjugated secondary antibody for 90 min at room temperature. after repeating the washing step, antibody-bound protein bands were visualized using the Ecl western blotting detection kit. all antibodies were purchased from cayman chemical (ann arbor, Mi), abcam (san Francisco, ca), and cell signaling (cell signaling technology, inc., Danvers, Ma).
RNA extraction and mRNA expression analysis
the total rNa was isolated from liver tissue using an rNeasy mini extraction kit (Qiagen, inc., south Korea) according to the manufacturer's protocol. concentrations of RNA in samples were quantified using a Nano-drop (Thermo Fisher Scientific) apparatus. Reverse transcription polymerase chain reactions (rt-Pcr) were conducted using a commercial kit (onestep rt-Pcr kit, Qiagen, inc.) and a genius thermal cycler (Bio-rad) according to the standard protocol of the manufacturer. genBank accession numbers for the hamster cytokine and β-actin genes used for primer design in this study were: IL-1β (AB028497), IL-2 (EU729351), IFN-α1 (S78750), TGF-β2 (AY007214) and β-actin (DQ403055). The primer sequences (5′ to 3′) for their levels of expression are as follows: IL-1β (sense primer, GGTGGTGTCAGTcattgtgg; antisense primer, agacagcacgaggcatttct), il-2 (sense primer, catcctgtcttgcactgacg; antisense primer, GCCTTCTTGGGCATGTAAAA), IFN-α1 (sense primer, atcaacagcaatgggcaggctc; antisense primer, GCTGCTGGTAGAGGCCAGTGC), TGF-β2 (sense primer, cagcgctacatcgatagcaa; antisense primer, CCACTGCTATGTTGGGAGGT), and β-actin (sense primer, gtcgtaccactggcattgtg; antisense primer, gtcacgcacaatttccctct). the level of gene expression for each sample was quantified by measuring the intensity of light emitted from correctly sized bands under ultraviolet light using a Bio-rad chemi-Doc. as a control for equal amounts of gene expression for each sample, the ubiquitously expressed β-actin was used.
Measurement of IL-3 and IL-6
animals were divided into control (n = 30) and infected groups (n = 30). Blood samples were collected from the left ventricle of anaesthetized hamsters into heparinized syringes at each time point (n = 6/each group) every four weeks for 16 weeks after the oral inoculation of C. sinensis, and the body weight of the hamsters was recorded before the collection of blood sample. Plasma was separated by centrifugation at 12 000 rpm for 15 min at 4 °c and stored in vials at -70 °c until analysis. Plasma il-3 and il-6 levels were measured using Elisa kits purchased from MyBiosource (san Diego, ca) and Biocompare inc (atlanta, ga), respectively. the activity of cytokines was measured according to the manufacturer's protocol.
Hormone assay for estradiol, testosterone, corticosterone, LH, FSH and ACTH
animals were divided into control (n = 20) and infected groups (n = 40). Blood samples were collected as described above. Plasma was separated by centrifugation at 12 000 rpm for 15 min at 4 °c and stored in vials at -70 °c until analysis. the plasma levels of testosterone, corticosterone and estradiol were measured using radioimmunoassay kits (siemens Medical solution Diagnostics, ca), and the concentration levels of lH and FsH were determined using commercial radioimmunoassay kits (MP Biomedicals, santa ana, ca). actH was measured using a commercially available Elisa kit (calbiotech, spring Valley, ca). all hormone levels were measured according to the manufacturer's protocol.
Statistical analysis
all results are expressed as the mean ± standard deviation (sD) of three independent experiments. statistical analysis of the data was performed by student's t-test and one-way analysis of variance (aNoVa). Values of *P < 0.05 were considered to indicate statistically significant difference. choi and chu: Hamsters infected with Clonorchis sinensis Fig. 2 . changes of the average body weight in hamsters (n = 120). results are expressed as a percentage of the normal group at the beginning of the experiment, and all data are presented as the mean ± s.D. *P < 0.05 indicates a statistically significant difference between the normal and Clonorchis sinensisinfected group.
RESULTS
Changes of body weight
at 16 weeks post infection, the average body weight of hamsters in the group infected with Clonorchis sinensis was up to 25% lower compared with that of the control group (Fig. 2) . these results indicate that C. sinensis infection decreases energy metabolism and muscle growth in hamsters.
Histological changes in the livers
as shown in Fig. 3a ,B, the liver of hamster infected with C. sinensis shows morphological changes such as severe inflammation, ulceration and hepatic necrosis. Furthermore, Fig. 3c ,D shows the histopathological changes including the bile duct hyperplasia with chronic inflammation, hyperplasia with inflammation and periductal fibrosis in the liver of C. sinensis-infected hamster. adult worms were observed in the hepatic bile duct of infected hamsters. in contrast, the above mentioned changes were not observed in the normal group. these results demonstrate that C. sinensis infection may induce chronic inflammation and periductal fibrosis and also tissue damage and necrosis in the liver.
Expression of heat shock proteins and cox-2
Cox-2, hsp27 and hsp90 levels were significantly increased in the livers of C. sinensis-infected hamsters compared with those of the normal group (Fig. 4) . these results indicate that C. sinensis infection increased expression levels of cox-2 associated with chronic inflammation involving periductal fibrosis. The infection also induced the activation of hsp27 and hsp90 in the liver as 4 . the change of the expression levels of Hsp-27, Hsp-90 and cox-2 in the liver of the normal hamsters and those infected with Clonorchis sinensis. Proteins were isolated from liver tissue of the normal and infection groups at 16 weeks after C. sinensis infection, and protein expression was measured using western blot analysis. β-actin * * * * a response to the stress stimuli and tissue damage during the period of the experiment.
Expression of inflammatory cytokines
As shown in Fig. 5 , the expression levels of IL-1β, IL-2, TGF-β2 and IFN-α1 markedly increased in C. sinensisinfected hamsters compared with those of the normal group. these results demonstrate that C. sinensis infection induces the secretion and production of IL-1β, IL-2, TGF-β2 and IFN-α1, which are rapidly activated by infections, inflammation and tissue damage in the liver.
Expression levels of IL-3 and IL-6 cytokines
as shown in Fig. 6 , the plasma levels of il-3 and il-6 were markedly increased in the infected group compared with those of the normal group in a time-dependent manner after C. sinensis infection. in particular, the levels of il-6 increased compared with those of il-3 at 12 weeks. these results show that C. sinensis infection markedly increases the secretion of il-3 and il-6 as well as the activation of the immune network induced by the infiltration of lymphocytes, inflammation and tissue damage.
Changes in endocrine hormone levels
the plasma levels of lH, FsH, testosterone, corticosterone and actH in C. sinensis-infected group were higher than those of the normal group, whereas levels of estradiol were similar or lower than that of the normal group (Fig. 7) . Furthermore, the levels of lH, FsH, testosterone, corticosterone and actH in the infection group increased over 36%, 31%, 27%, 70% and 28%, respectively, compared with those of the normal group. these results demonstrate that chronic stress/stimuli such as chronic inflammation and liver lesions or necrosis caused by C. sinensis infection act as factors that induce the imbalance of endocrine hormones by stimulating the pituitary gland (Fig. 8) . Fig. 6 . Plasma levels of inflammatory cytokines (IL-3 and IL-6) in the normal and infection groups. Blood samples were collected from the animals (total n = 60, n = 6/normal group, n = 6/infection group) every four weeks for 16 weeks after Clonorchis sinensis infection. Data are presented as mean values of the animals (n = 6) per each group at each time point, and the results are expressed as a percentage of the normal group. *P < 0.05 indicates a statistically significant difference between the normal and C. sinensisinfected group. Fig. 7 . the concentration levels of endocrine hormones in the normal and infection groups. Blood samples were collected from the animals (n = 20/normal group, n = 40/infection group) at 16 weeks after Clonorchis sinensis infection. results are expressed as a percentage of the normal group, and all data are presented as the mean ± s.D. *P < 0.05 indicates a statistically significant difference between the normal and C. sinensis-infected group. (Keiser and Utzinger 2005) . other authors reported that 35 million people were infected with C. sinensis globally, of whom 15 million people occurred in china (lun et al. 2005) . As mentioned above, the prevalence of liver fluke infection, which represents a major risk factor for cholangiocarcinoma, seems to be increasing (sher et al. 1989 , lee et al. 1994 , Watanapa and Watanapa 2002 .
Opisthorchis viverrini is known to induce persistent infection that causes complications, including the infiltration of lymphocytes, chronic inflammation, fibrosis, adenomatous hyperplasia of bile duct epithelium and neoplasm of the bile duct (Prakobwong et al. 2009 ). Fibrosis is the result of chronic inflammatory reactions that are induced by a variety of stimuli, including persistent infection (Wynn 2008) .
reactive nitrogen and oxygen are generated during infection in the livers of hamsters infected with O. viverrini, and the resulting DNa damage and mutation contribute to carcinogenesis that is associated with chronic inflammation in the liver (Pinlaor 2003) . Furthermore, cHca that is concomitant with clonorchiasis is relatively common in endemic areas of C. sinensis. Bouvard et al. (2009) reported the influence and level of dangerousness concerning parasitic infection as carcinogenic factors that cause cancer development. according to that report, C. sinensis was classified into Risk Group 1 as a carcinogenic parasite factor that causes liver cancer in humans (Bouvard et al. 2009 ) and C. sinensis infection was reported as a higher risk factor than hepatitis B and c viruses that induce cholangiocarcinoma (shin et al. 2010) . the correlation between cancer and parasitic infection is gradually being confirmed by new diagnostic techniques for pathogenic infections and understanding concerning molecular mechanisms of cancer development.
in the present study, the histopathological changes such as bile duct hyperplasia with chronic inflammation and liver fibrosis as well as hepatic necrosis and severe inflammation were observed in the liver of the infected group. cox-2 is expressed in the cells where prostaglandins are up-regulated during the inflammatory response, which is activated in various cancer cells and inflamed tissues (Williams et al. 1999 , Fournier and gordon 2000 , gately 2000 , gupta and Dubois 2001 , simmons et al. 2004 ). overexpression of cox-2 increases the proliferation of hepatocellular carcinoma cells, dysplastic nodule growth and invasiveness, but also causes the interaction with several proteins such as p-akt, VEgF and iNos, which play a key role in carcinogenesis (Koga et al. 1999 , Kondo et al. 1999 , rahman et al. 2001 , leng et al. 2003 , tang et al. 2005 .
the expression of HsPs is induced by various stressors, including infection, inflammation, hypoxia and dehydration (santoro 2000). HsPs not only function as intracellular chaperones for other proteins, but also as key pro- (Doetze et al. 2000 , Herbert et al. 2008 , Nieuwenhuizen et al. 2009 ). as mentioned above, chronic stress stimuli, lesions and tissue damage of the liver induced by C. sinensis infection increased the expression of cox-2, hsp27 and hsp90 in the liver. Inflammatory cytokines play pivotal roles in various immune responses that are activated by pathogen infection, inflammation and tissue damage. IFN-γ and IL-2 are markedly increased in BalB/c mice and rats infected with C. sinensis (Quan et al. 2002 (Quan et al. , choi et al. 2003 . IFN-α regulates the fine tuning of cellular responses for pathogen defence (Moll et al. 2011) . Furthermore, TGF-β in normal cells stops the cell cycle at the g1 phase and induces the death of impaired cells. However, the expression of TGF-β in cancer cells is markedly increased compared with that of normal cells, and it not only causes immunosuppression but also promotes rapid proliferation of cancer cells (Hanahan and Weinberg 2000 , Konrad et al. 2009 , Berezowski et al. 2012 . TGF-β and IL-10 mediate cellular hyporesponsiveness in patients infected with Onchocerca volvulus and also suppress hepatic inflammation in mice infected with Schistosoma mansoni (Doetze et al. 2000 , Herbert et al. 2008 . in this aspect, the increased expression of inflammatory cytokines in the livers of C. sinensis-infected hamsters may be associated with liver cancer and cholangiocarcinoma induced by C. sinensis as well as excretory/secretory products that are produced by the parasite (sripa et al. 2007 (sripa et al. , Pak et al. 2009 ).
il-3 acts as a pleiotropic cytokine that stimulates the differentiation of multipotent haematopoietic cells and NK cells, and IL-6 is an inflammatory cytokine that is secreted as a critical modulator in the host defence against pathogens. the increased levels of il-6 in humans infected with O. viverrini rapidly enhance the development of periductal fibrosis in the liver (Sripa et al. 2009 ). However, the expression levels of il-3 and il-6 in C. sinensis-infected hamsters have not yet been reported. in the present study, plasma il-3 and il-6 levels of C. sinensis-infected hamsters markedly increased during the infection period with a time-dependent aspect compared with those of the normal group.
the increase in these cytokines may be a continuous response of the immune network that occurs because the immune cells gradually recognize the presence of chronic inflammation and hepatic necrosis induced by C. sinensis infection. in addition, the levels of endocrine hormones were markedly increased in the C. sinensis-infected group compared with those of the normal group. the change in the plasma level of these hormones may be the result of the persistent secretion of endocrine hormones as the hypothalamus and pituitary gland recognize chronic stress/ stimuli, including chronic inflammation and liver damage.
in summary, the results of this study demonstrate that C. sinensis infection increases the secretion of endocrine hormones such as testosterone, corticosterone, FsH, lH and actH, the expression levels of cox-2 associated with inflammatory response and the activation of hsp27 and hsp90 in the liver in response to chronic stress stimuli. The results also show that liver damage and inflammation caused by C. sinensis infection activate the expression of inflammatory cytokines such as IL-1β, IL-2, TGF-β2 and IFN-α1 and also consistently increase the levels of IL-3 and il-6 secreted by the immune network. thus, the process of hepatic damage and cancer development induced by C. sinensis infection may be defined as follows: 1) induction of chronic stimuli by toxic products produced by the parasite, 2) stimulation by carcinogenic secretory proteins released from the parasite, 3) hormonal imbalance and disturbances induced by parasitic infection, 4) infiltration and hyperplasia of lymphocytes, 5) sustained production and secretion of inflammatory cytokines, 6) chronic inflammation and liver necrosis induced by infection and 7) continuation of chronic stress stimulation. the results of this study also demonstrate the correlation between the inflammation, hormone imbalance and infectious stress/stimuli, which were not reported in the previous studies on C. sinensis.
